Abstract: A field experiment was conducted during the 2015, 2016 and 2017 growing seasons at the National Root Crop Research Institute experimental farm Vom Plateau State, Nigeria to study the response of Field pea (Pisum sativum L.) yield and its components to application of nitrogen and phosphorus fertilizers. The treatment consisted of three nitrogen rates viz; 0, 20 and 40 kg N ha -1 and three phosphorus rates viz; 0, 30 and 60 kg P ha -1 which were factorially laid in a randomized complete block design and replicated three times. The characters studied were; number of pods, pod length (cm), pod weight (g), pod yield (kg ha -1 ), number of seeds, 100 seed weight (g), seed yield (kg ha -1 ) and harvest index (%). Results revealed that there was a significant (P ≤ 0.05) and positive response of these characters to application of nitrogen and phosphorus rates during the period under investigation. Application of 40 kg N ha -1 recorded higher seed yield than the other rates used, similarly, phosphorus application at 60 kg P ha -1 recorded higher seed yield compared to 30 kg P ha -1 and control plots. Regardless of the factor used, the lowest values in respect to the characters measured were obtained from control plots. The interaction of 40 kg N and 30 kg P ha -1 gave significantly highest seed yield than other treatments used and seem more promising for optimum seed yield.
INTRODUCTION
Field pea (Pisum sativum L.) is a temperate crop that is now grown in most climatic zones including the tropical highlands, where it is grown under cooler conditions at higher elevations. It is an important grain legume crop in human and animal nutrition. The crop is a major source of protein (21% -25%) with high levels of amino acids, lysine and tryptophan that have high nutritional value (Bhat et al. 2013 ; Gregory et al. 2016) . In Nigeria, very little is known about the production of field pea crop, however, the cultivation of the crop is gaining popularity in Jos plateau during the recent years mainly because the climatic condition of the area is more of temperate than other parts of the country, so also that the demand of the crop is increasing in the market. Despite its nutritional, yield potential, agronomic benefits and economic value, the productivity of the crop is generally low. The low productivity is attributed to poor soil fertility (due to tin mining, erosion of topsoil by intense rainfall and continuous cultivation of the land) and agronomic practices by farmers, hence yield under farmer's condition is often below optimal (Nannim et al., 2018) .
The management of fertilizer is very important and can greatly affects the growth and yield attributes of field pea. Nitrogen and phosphorus are among the major yield limiting factors of field pea and these nutrients are almost deficient in most soils in the tropics and Africa. Field pea is highly efficient nitrogen-fixing crops and may obtain its total nitrogen requirement from fixation under good condition. However, due to the lag period between rhizobium root colonization and the onset of nodule functioning, the young legume plants may require an additional N to achieve vigorous growth and establish the N-fixing symbiosis especially when the crop is sown on land with less than 13.6 kg h -1 of available nitrate N in the top 2 feet of the soil profile (Gan et al., 2004; Gregory et al. 2016) . Lal et al. (2004) found that the application of nitrogen at 0, 20, 40 and 60 kg N ha -1 resulted in increased seed yield kg ha -1 . Phosphorus has also been identified as one of the most limiting nutrient elements to crop production in tropical soils. Deficiency of phosphorus has also been shown to be an important fertility constraint limiting legume production in the tropics. Getachew et al. (2003) and Amare et al. (2005) in their work reported a significantly increased in grain yield due to application of phosphorus fertilizer. Work regarding the response of nitrogen and phosphorus fertilizer on the productivity of field pea has not been conducted under local condition. Therefore, this research was initiated to determine the response of field pea yield and its component to application of nitrogen and phosphorus rate. 
MATERIALS AND METHODS

Description of Study Area
Experimental Design and Treatments
The treatments consisted of three rates of nitrogen viz. 0, 20 and 40 kg ha -1 and three rates of phosphorus viz. 0, 30 and 60 P kg ha -1 , which were factorially combined and laid in a Randomized Complete Block Design (RCBD) with three replications. A plot size of 9m 2 containing 10 rows was maintained from which a sampling unit of 3.6m 2 with 4 rows as net plot was determined at the middle of each plot in both seasons for measurement of the yield and yield components. Two seeds per hole of field pea were sown at a depth of 4 cm with 25 and 30cm intra and inter row spacing. The sources of nitrogen and phosphorus were urea and single super phosphate. The N rates were applied at five days after emergence, while the P treatments were applied at sowing. Both fertilizers during application were incorporated into the soil and covered properly.
Data collection
Data on number of pods plant -1 , pod length (cm), weight of pod plant -1 (g), pod yield (kg ha -1 ), number of seeds pod -1 , 100 seed weight (g), seed yield (kg ha -1 ) and harvest index (%), designated as; NP, PL, WP, PY, NS, SW, SY and HI were taken at physiological maturity. The field pea stands were harvested within the net plot (3.6m
2 ) when about 85% of pods had turned brown. Ten plants were randomly taken from the net plot of each treatment (plot) in all the replicates. Pods from the samples stands were counted and the average value recorded. Pod length (cm) was measured by placing a measuring tape at one end of the pod to the other end and the average value of ten samples was recorded accordingly. To obtain pod weight plant -1 , pods from the ten (10) randomly selected plants were picked and weighed. The values obtained were then averaged. Pod yield (kg ha -1 ) on the other was obtained from all the stands within the net plots. The pods were first weighed and the average was recorded and later converted to pod yield in kilogram per hectare. Seeds per pod was counted from ten randomly selected plants from the net plot and the average value was recorded as number of seeds per pod and was considered on per plant basis. One hundred seeds were first counted randomly for each plot and then weighed and the average values were then recorded. To obtained grain yield data, all plants in the net plots were harvested dried, threshed and clean from any dirt, weighed and the average values were recorded according to the treatments and later converted to seed yield per hectare. Harvest Index was however, obtained by Economic yield (seed) / Biological Yield (total biomass) x 100. Weight of pods plant -1 , pod yield and grain yield were both measured using digital scale (M X -RADY electronic balance).
Data analysis
Data collected for the three years of the experiment were subjected to analysis of variance using SPSS Statistics v. 20 (software) and means observed to be significantly different were however, separated by Least Significant Difference (LSD) at 5% probability level using Duncan's Multiple Range Test (DMRT).
RESULTS AND DISCUSSION
Soil
The soil where the experiment was conducted was loam, low in organic matter (0.95%), total nitrogen (0.07%), available phosphorus (3.60 mg kg -1 ) and available K (198 mg kg -1 ) and pH of 5.65 (table 1) . Generally, the soil analysis indicates that the soil was depleted, hence in such soils the amount of the primary nutrient that could immediately be available to the crop becomes inadequate.
Response of Field pea Yield and its Components to Application of Nitrogen and Phosphorus
Response of yield and yield components of field pea to application of nitrogen in the three growing seasons of 2015, 2016 and 2017 is presented in tables 2, 3 and 4. The tables indicated that throughout the three-year trial, increase in application of nitrogen from 0 to 40 kg N ha -1 resulted in significant (P ≤ 0.05) and progressive increase in number of pods, pod length, pod weight, pod yield, number of seeds, 100 seed weight and seed yield. Higher values of all the characters measured were obtained from the application of 40 kg N ha -1 except for number of seed pod -1 and 100 seed weight which was significantly at par with 20 kg N in 2016 and 2017 seasons. The control plots on the other, produced the lowest values for all the characters studied. Significantly higher seed yield observed at 40 kg N ha -1 could be due to greater partitioning of dry matter into the economic portion i.e., to seed and favourable growth nutrient uptake, higher number of seeds plant -1 and heavier seed . This was evident by the consistent results exhibited by application nitrogen in all the seasons. Lal et al. (2004) found that the application of nitrogen (at 0, 20, 40 and 60 kg N ha -1 ) on seed yield of pea and bean resulted in increased seed yield kg ha -1 . Low pod yield recorded under control plots during the study could be due to insufficient essential element at certain growth stages like that of flowering, seed formation and seed maturity.
Similar to the effect of nitrogen application, field pea responded positively to application of phosphorus during the trials (Tables 2, 3 and 4) . Increase in phosphorus application from 0 up to 60 kg ha -1 also led to an increase in number of pods, pod length, pod weight, pod yield, number of seeds, 100 seed weight and seed yield table 2, 3 and 4. Significantly (P ≤ 0.05) higher value of these characters were observed with the application of phosphorus at 60 kg ha -1 . Higher number of seed obtained with the 60 kg P ha -1 was however, at par with 30 kg P ha -1 in 2015 season. On the other hand, phosphorus application had no significant effect on number of seed pod -1 and 100 seed weight in 2016 and 2017 growing seasons, and on weight of pod plant -1 2017 season only. Control plots had the least values for all the characters measured throughout the study period. Generally, field pea develops poorly when grown in phosphorus deficient soil and its low rate may lead to low productivity which may be the case with yield under the control plot in this study. Increase in the values of the characters studied with increasing P application from 0 up to 60 kg P ha -1 indicates the essentiality of phosphorus as an essential nutrient for field pea. Higher values from plots treated with 60 kg P ha - Harvest index varied significantly (P ≤ 0.05) with the application of nitrogen and phosphorus in three years of the investigation (tables 2,3 and 4). The results indicated that application of at 40 kg N ha -1 led to the production of higher harvest index, however, the different between the value obtained from the application of 20 and 40 kg N ha -1 was found non-significant. Sinclair (2004) reported that increasing seed yield and crop harvest index with high nitrogen grain requires a concomitant increase in crop nitrogen accumulation.
At the different phosphorus rates tested, significant difference was also observed in the three-year study. Maximum mean harvest index was obtained from application of 60 kg P ha -1 , which was higher than the other rates used. Increase harvest index as a result of increase in phosphorus rate could be due to the influence of greater fruit and seed setting than above ground biomass yield. The result found in this study was in agreement with that of Malik et al. (2006) who reported that harvest index was significantly influenced by increased in applied phosphorus rate in soybean crop. Chanda et al. (2002) also reported that significantly higher harvest index could be due to comparatively higher increase of grain yield than that of respective vegetative yield of the crop. Irrespective of nitrogen or phosphorus rate used, control plots recorded the least harvest index in all the seasons.
Interaction of Nitrogen and Phosphorus rates (Pooled over three years)
Results of interaction between the factors under investigation shows a significant (P ≤ 0.05) effect on all the characters measured except on number of seed pod -1 and harvest index (table 5) . Combined application of 40 kg N ha -1 and 60 kg P ha -1 produced higher number of pods plant -1 which was at par with interaction of 40 kg N and 30 kg P ha -1 . Similarly, the interaction between 40 kg N and 60 kg P ha -1 P ha -1 produced longer pods than the other combination. However, the value obtained did not differ significantly from the interaction between 40 kg N ha -1 and 30 kg P ha -1 , 40 kg N and 0 kg P ha -1 , 20 kg N and 60 kg P ha -1 , and 20 kg N and 30 kg P ha -1 respectively. Significantly heavier pods plant -1 and higher pod yield kg ha -1 were recorded from the interaction of 40 kg N and 60 kg P ha -1 . Heavier 100 seeds were produced from the interaction between 20 kg N and 30 kg P ha www.ijsrp.org Means followed by same letter (s) on the same column do not differ significantly at 5% probability level by Duncan Multiple Range Test. N = Nitrogen P = Phosphorus *=Significant Means followed by same letter (s) on the same column do not differ significantly at 5% probability level by Duncan Multiple Range Test. N = Nitrogen P = Phosphorus *=Significant NS= Not Significant Means followed by same letter (s) on the same column do not differ significantly at 5% probability level by Duncan Multiple Range Test. N = Nitrogen P = Phosphorus *=Significant NS= Not Significant Means followed by same letter (s) on the same column do not differ significantly at 5% probability level by Duncan Multiple Range Test. N= Nitrogen P= Phosphorus *=Significant NS= Not Significant
CONCLUSION
The three-year results obtained revealed that increasing the rate of nitrogen and also that of phosphorus fertilizer up to 40 kg ha -1 and 60 kg ha -1 respectively exerted positive effect on field pea yield and its components. Similarly, combined application of the two at 40 kg N ha -1 and 30 kg P ha -1 could lead to better pod and seed yield of the crop.
